Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

12-10-2010

Effects of repeated prescribed fires on upland oak forest
ecosystem in the Missouri Ozarks
Zhongqiu Ma

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Ma, Zhongqiu, "Effects of repeated prescribed fires on upland oak forest ecosystem in the Missouri
Ozarks" (2010). Theses and Dissertations. 1787.
https://scholarsjunction.msstate.edu/td/1787

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

EFFECTS OF REPEATED PRESCRIBED FIRES ON UPLAND OAK FOREST
ECOSYSTEM IN THE MISSOURI OZARKS

By
Zhongqiu Ma

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Forestry
in the Department of Forestry

Mississippi State, Mississippi
December 2010

EFFECTS OF REPEATED PRESCRIBED FIRES ON UPLAND OAK FOREST
ECOSYSTEM IN THE MISSOURI OZARKS

By
Zhongqiu Ma

Approved:

Zhaofei Fan

Scott D. Roberts

Assistant Professor of Forestry

Associate Professor of Forestry

(Major Professor)

(Committee Member)

Daniel C. Dey
Project Leader / Research Forester of
USDA-FS, Northern Research Station
(Committee Member)

Andrew W. Ezell

George M. Hopper

Professor of Forestry

Dean of

Head and Graduate Coordinator

the College of Forest Resources

of the Department of Forestry

Name: Zhongqiu Ma
Date of Degree: December 10, 2010
Institution: Mississippi State University
Major Field: Forestry
Major Professor: Dr. Zhaofei Fan
Title of Study: EFFECTS OF REPEATED PRESCRIBED FIRES ON UPLAND OAK
FOREST ECOSYSTEM IN THE MISSOURI OZARKS
Pages in Study: 59
Candidate for Degree of Master of Science in Forestry
In this research, the fire effects on structural and compositional change, and
advance regeneration of oak forests in the Ozarks of Missouri were investigated by
combining the statistic methods of MANONA, survival analysis, CART analysis, and
logistic analysis. Results indicated that fire treatments significantly reduced the midsotry
and understory basal area and stem density. However, fire effects on overstory tree
survival differentiated among size classes. A new morphological variable, ratio of the
total height to the square of basal diameter, was found to be statistically significantly
related to the tree mortality rate for most of the species. The developed logistic regression
models for selected species using the morphological variable well simulated the impact of
initial stem size of advance regeneration on mortality for most of the species. The
resultant logistic regression models could be a potential tool to compare and quantify
species response to fires on a comparable basis.
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CHAPTER I
INTRODUCTION

Problem Statement
The Ozark Highlands of Missouri have historically been dominated by a forestwoodland-savanna-glade mosaic, a mix of cover types maintained by frequent natural or
human-caused, low intensity fires. Since the 1950s the historical vegetation patterns in
the Ozark Highlands have gradually been replaced by a large contiguous blocks of highdensity oak-hickory (Quercus/Carya) forest due to extensive fire suppression and
widespread application of management practices that have relatively little impact on the
forest overstory. As these oak-hickory forests are maturing, large-scale forest health
problems such as oak decline and mortality have periodically plagued the Ozark
Highlands. Advanced tree age, periodic drought, and high stand density are the major
contributing factors of oak decline and mortality (Fan et al., 2006). Poor oak regeneration
under closed canopies is another threat to the long-term sustainability of oak-dominated
forests (Dey and Hartman, 2005; Iverson et al., 2008). Overall, the forest health problems
occurring in the Missouri Ozark Highlands are believed to be related to long-term fire
suppression (Hartman and Heumann, 2003) and inappropriate forest practices (e.g., high
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grading and livestock grazing in forests). Therefore, reintroduction and application of
prescribed fires and sustainable timber management practices to reduce stand density and
restore historical vegetation patterns has caught the attention of foresters and resource
managers.

Project Background
Fire in the Ozark Highlands was historically used by Native Americans as an aid
in hunting. Early European settlers continued to use burning to manage livestock forage.
In the early 1900s, people began to harvest the timber; cutting pine trees first and later
oak. Eventually, the pine or the mixture of pine-oak forest was successfully regenerated
by oak-hickory (Sasseen, 2003). Individually fenced areas (as opposed to free-range
grazing) were converted to pasture or croplands in concert with the development of
pastoral and agricultural practices. During and after the industrial revolution, many of
these lands were abandoned; hence, the forest took place. In the 1930s, fires began being
suppressed throughout this area. The current oak forest health problems occurring in the
Missouri Ozark Highlands are believed to be related to this long-term fire suppression
(Hartman and Heumann, 2003). Therefore, prescribed fires were reintroduced to restore
the oak ecosystem and to mitigate current health problems that are plaguing oak forests.
To study the cumulative impact of fire and timber management on upland oakhickory forests, two landscape-level projects, the Missouri Ozark Forest Ecosystem
Project (MOFEP) and the Chilton Creek Prescribed Burning Project (CCPBP), were
initiated in the Ozark Highlands of Missouri.
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The MOFEP was initiated in 1989 by the Missouri Department of Conservation to
study the impacts of forest management practices on multiple ecosystem attributes. Three
harvest treatments: even-aged management, uneven-aged management, and no harvest
(the control) were installed on nine 300 to 500 ha sites in the Ozark Highlands
(Brookshire and Shifley, 1997). MOFEP was a randomized complete block design with
three replicates for each treatment. A total of 648 0.2-ha permanent plots were
established to monitor forest change.
The CCPBP was initiated by The Nature Conservancy (TNC) in 1996 as a
complement to MOFEP to study the effects of different fire regimes on promoting the
diversity of native species and ecosystem restoration in the Ozark Highlands (Hartman
and Heumann, 2003). The CCPBP study site, which is adjacent to MOFEP study site 9, is
a 1000-ha forest tract that includes one annual burning unit and four random burning
units with about a 4-year fire return interval. In total, 250 0.2-ha permanent plots were
installed over the five burning units to study the post-fire forest vegetation change. The
five burning units received prescribed surface fires during the dormant seasons based on
the specified burning schedule in advance.

Objective
The primary objective of this thesis research project was to study the responses of
upland oak forests to various prescribed fire treatments using the repeated-measure data
from the permanent inventory plots on the CCPBP and MOFEP (site 8) sites. Chapter II
compares the structural and compositional change of upland oak forests under the annual
fire, random fire, and no fire burning regimes. Chapter III deals with the effects of
3

prescribed fires on advanced regeneration. Chapter IV will summarize the major results
and findings of the CCPBP project.
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CHAPTER II
FIRE IMPACT ON OAK STRUCTURE AND COMPOSITION

Introduction
Frequent droughts, elevation gradients, animal browsing, and understory fires are
four factors to maintain the savannas landscapes (Scholes and Archer, 1997; Anderson et
al., 1999; Sankaran et al., 2004; Brudvig and Asbjornsen, 2008). The historical oak
woodland savanna in Missouri Ozark Highlands was shaped by the frequent low-intensity
understory fire (Guyette and Cutter, 1991; Ladd, 1991; Cutter and Guyette, 1994;
Guyette and Spetich, 2003; Dey and Hartman, 2005). The woodland savanna was
replaced by high-density oak-hickory forest, and the oak-hickory (Quercus/Carya)
dominant forests are being replaced by sugar maple (Acer saccharum) due to fire
suppression of more than seventy years and altered grazing regimes (Abrams, 1992;
Lorimer, 1993; Dey and Hartman, 2005; Pierce et al., 2006; Brudvig and Asbjornsen,
2008). The wide spread oak (Quercus) decline will impact forest economics and wildlife
in hardwood forests through decreasing timber and acorn production (Pierce et al., 2006;
Long, 2007; Mcshea et al., 2007). External factors, such as fire suppression, drought,
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selective logging, animal grazing, insect and disease outbreaks etc, are believed to be the
main causes of oak mortality and regeneration failure (Abrams, 1992; Shifley et al., 2006;
Fan et al., 2008; Kabrick et al., 2008). The large-scale ecosystem health concerns such as
disease, insect, soil erosion, herbaceous cover and forage diversity decrease, species
encroachment, hydrological processes change, and fuel structure change from many
forest managers and ecologists have caused the savanna restoration being employed
(White, 1983; Landis and Bailey, 2005; Ansley and Castellano, 2006; Brawn, 2006;
Grundel and Pavlovic, 2007). Basic strategies for savanna restoration are prescribed fire,
herbicides, and woody species removal etc. (Packard, 1993; Ansley and Castellano, 2006;
Brawn, 2006). Woody species removal is more direct to control the overstory density and
composition. Prescribed fires are chosen to restore the woodland savanna because: 1) fire
is one of the main factors to shape and maintain the savanna landscape; 2) people want to
reduce forest density but not kill all overstory trees in some area; 3) prescribed fire costs
less than any other mechanical operation (Scholes and Archer, 1997; Anderson et al.,
1999; Tiedemann, 2000; Teague et al., 2001; Sankaran et al., 2004; Dey and Hartman,
2005; Ansley and Castellano, 2006; Brudvig and Asbjornsen, 2008; Harrod et al., 2009).
Fire may shape the oak forest ecosystem in two ways: 1) killing younger trees and
fire-intolerant species while reducing competition to improve potential oak regeneration
(Hutchinson et al., 2005); and 2) indirectly affecting regeneration by affecting insects,
diseases, or soil and seedbed conditions (Hutchinson et al., 2005; Breece et al., 2008;
Hessburg et al., 2008). The environment condition is supposed to favor oak species
growth and decrease forest density after long-term low intensity frequent fires. Previous
studies show that low-intensity fire kills more small-diameter trees but has little effect on
6

large trees (dbh≥25cm) (White, 1983; Huddle and Pallardy, 1996; Dey and Fan, 2008). In
this research, the structural and compositional changes of oak-hickory forest were studied
under ten-year fire treatments.
The objective of this study is to evaluate the effect of frequent low-intensity fires
on the structure and composition of upland oak forests. Specifically, the study is aiming
to: 1) evaluate stem density and basal area change of five species groups in the overstory,
midstory and understory; and 2) quantify the survival probability of four major oak
species in three size classes of the overstory. Results from this research will provide
useful information to project the future trend of upland oak forest structural and
compositional change as the prescribed burning continues in the CCPBP site.

Materials and Methods

Study Area Description
The Ozark Highlands are located in the south of Missouri, a Humid Temperature
Domain. Oak-hickory is the major forest type in this area (Smith et al., 2001). There are
17 ecological subsections in the Ozark Highlands area which are divided according to the
attributes of climate, landform, geology, soil and vegetation patterns (Meinert et al.,
1997). The Current River Hills (Figure 2.1), where the MOFEP and CCPBP lie, is one
subsection of the Ozark Highlands with moderately rolling to steeply dissected hills
landform. The surface of this area is covered by oak-hickory and oak-pine forests
(Meinert et al., 1997).
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Figure 2.1 Location of the CCPBP and MOFEP experimental sites
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Treatments and Field Sampling
CCPBP was implemented in the 1000-ha Chilton Creek site. A total of 250
permanent 0.2-ha plots were established randomly within the five burning units (Kelly
North, Kelly South, Chilton East, Chilton North, and Chilton South). Five burning plans
were randomly assign to each units (Figure 2.2). Kelly North received the annual burn
fire regime. The other four units received random burn fire regime with about a 4-year
fire return interval (Figure 2.2). Woody vegetation species were measured according to
MOFEP protocols (Figure 2.3). The burning plan for each unit was listed in Table 2.1.
Site 8 of MOFEP, similar to the Chilton Creek in topography and stand conditions,
included 70 plots and was used as the control (no burn and timber harvest treatment) to
compare with the annual fire and random fire treatments.

Table 2. 1 Schedule of prescribed burns conducted at CCPBP and MOFEP sites
Burn unit

Plot (n)

Dormant season fire
2000
X

2001
X

2002

2003

2004
X

2005

2006

2007

43

1998
X

1999

Kelly South
Kelly North

63

X

X

X

X

X

X

X

X

X

X

Chilton South

78

X

X

X

Chilton North

44

X

X

Chilton East

22

X

X

MOFEP S8

70

X

X
X

X

X
X

There are 320 plots (0.2 ha in size) in six study units. In each 0.2-ha (1/2 ac) plot,
overstory trees ≥11.5cm dbh were measured. In four 0.02-ha (1/20 ac) subplots which are
nested within each 0.2-ha plot, mid-story trees with dbh less than 11 cm and larger than
3.8 cm were measured. Understory trees with dbh less than 3.8cm were measured in a
0.004-ha (1/100 ac) subplot which is located in the center of each 0.02-ha subplot.
9

Herbaceous and seedlings were estimated and counted in four 1-m² quadrants which were
located 6.7 m from the subplot centers at 45º, 135 º, 225 º, and 315 º azimuth (Figure
2.3). Data inventory was performed in 1997 (prior to treatments), 2001, and 2007.

Figure 2.2 Location map of the burning units and permanent plots
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Figure 2.3 Sectional view of the vegetation sampling plots
Woody vegetation data collected from 314 plots (70 plots from MOFEP site 8 and
244 plots from CCPBP) were used to compare the effects of fire treatments on multiple
attributes of upland oak forests. Tree characteristics include species, dbh, crown class,
11

and status. Data are composed of three measurements (1997, 2001, and 2007) for the
CCPBP site and three measurements (1998, 2002, and 2006) for the MOFEP site. Data
collection was conducted according to the protocols set up by the Missouri Department of
Conservation (Jensen 2000).

Data Analyses
Forests on the MOFEP and CCPBP sites are a mixture composed of around 50
tree species. These species are tentatively classified as two broad groups based on the
dominance measured by their importance values (IV = (relative basal area + relative
density)/2): major species (IV≥2%) and minor species (IV<2%). The cut-off value of 2%
is the average IV of a single species. According to the values of IV, there are eight major
tree species: black oak (23.6%), scarlet oak (21.3%), white oak (21.2%), shortleaf pine
(9.0%), post oak (6.3%), black hickory (4.3%), pignut hickory (4.0%) and mockernut
hickory (4.0%), which account for nearly 94 % in dominance. The rest (over 40 species)
are minor species which sporadically distribute in the forests with an IV of mostly <
0.2 % (Brookshire and Shifley, 1997; Shifley et al., 2006). Potential forest structural and
compositional change following the fire treatment will be reflected by these major
species. Furthermore, considering the spatial heterogeneity and complexity of forest
structure and composition, it is statistically difficult to analyze the fire effects at the
species level due to the extreme unbalance in sample size (e.g., too small or large sample
sizes, missing values). For this reason, the eight major species were further grouped into
four functional species groups based on their dominance and bio-ecological
characteristics: white oak group (white oak, post oak), red oak group (black oak, scarlet
12

oak), hickory group (black, pignut and mokernut hickory), and shortleaf pine. All minor
species were grouped into a single group (i.e., the fifth group labeled as other species).
This grouping scheme will improve the power of statistical analyses and meanwhile
facilitate the explanation of results in analyzing forest/stand level compositional change.
Likely, to evaluate forest structural change under different fire treatments all trees were
classified into three categories based on the dbh: overstory (dbh>11.5 cm), midstory
(<3.8cm < dbh ≤ 11.5cm), and understory (dbh ≤ 3.8cm, but height > 1 m tall). Statistical
analyses of forest structural and compositional change were based on two response
variables: tree density and basal area and were conducted at two levels: all species
combined and by species and size groups.
Relative change of stem density and basal area were used in analysis of variance
(ANOVA). The plots under the annual fire, random fire, and control treatments were
randomly classified into three groups (replicates). Relative changes of stem density or
basal area of post treatments (4 and 10 years following the fire treatments) were
calculated as the difference of stem density or basal area between pretreatment and the reinventory years divided by the stem density or basal area of pretreatment, which range
from -2.0 to 4.0 for the CCPBP experiment. The positive values of relative changes
indicate positive growth. The ANOVA model to evaluate the effects of fire treatments on
oak forest structural and compositional change can be expressed as:

y ijk = μ k + α ik + ε ijk

(2-1)

Where:
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yijk = relative change of tree density or basal area at replicate j (j = 1, 2, 3) of fire
treatment i (i = 1, 2 and 3, representing the unburned control, annual fire,
and random fire treatments, respectively) at year k (k=2001, 2007),

µk = overall mean of tree density or basal area at year k,
αik = µik - µk, the effect of treatment i at year k,

εijk = unexplained error associated with jth replicate of treatment i at year k,
Relative change in tree density:= ( density07/01 – density97)/ density97,
Relative change in basal area= (ba07/01 – ba97)/ ba97.
The key technique for the successful savanna restoration is to open and enlarge
the canopy. Hence, it is of great importance to investigate whether the prescribed fire has
impacts on overstory trees. In order to understand overstory oak dominance change,
survival analysis of four major overstory oak species: black oak, white oak, scarlet oak
and post oak was conducted. Overstory tree survival status (live or dead) in the CCPBP
was right censored at three intervals: before fire, 4 and 10-year following the fire
treatments, respectively. The survival distribution function (SDF) is used to describe the
lifetime of overstory oak trees. The SDF evaluated at time t is the probability that an
individual tree will have a lifetime exceeding t, as shown as follows.

S(t) = Pr (T>t)

(2-2)

where:

T = the lifetime of a single overstory tree,
S(t)= the probability of a single tree to survive beyond a time point t.
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The Kaplan-Meier (product limit) method was used to estimate individual tree
survival rate at inventory time t i as,

dj
Sˆ (t i ) = ∏ (1 − )
nj
j =1
i

(2-3)

Where:
ti (i =1, 2 and 3) represents inventory year 1997, 2001 and 2007 (1998, 2002, and
2006 of control treatment), respectively; nj and dj are the number of the surviving trees at
inventory year ti and the trees died during the inventory period by ti.
As reported by recent studies (Fan et al., 2006), tree size/vigor is significantly
correlated to individual tree survival. The overstory trees are grouped into three dbh (in
pretreatment) classes: dbh≤25cm; 25cm<dbh≤45cm; and dbh>45cm, based on the results
by Fan et al. (2006). The log-rank test was conducted separately to test the difference in
survival rates of overstory trees under the annual, random and unburned control
treatments for four oak species and three size (dbh) classes.

Results

Overstory Structural and Compositional Change

The overstory tree density and basal area by species groups in 1997 (prior to
burn), 2001, and 2007 (4 and 10 years following the fire treatments, respectively), are
given by Figure 2.4. The MANOVA model indicated significant fire effects (p<0.05) on
the overstory relative changes in basal area for both overall and individual species groups
15

in 2001 and 2007. The relative change of overall basal area in overstory by year 2001
was 2.3, 19.5 and 15.3 percent, respectively, and -7.9, 12.6, and -5.5 percent, respectively
by year 2007 for the unburned control, annual fire and random fire treatments. The
relative increases in basal area for the annual fire and random fire treatments were
significantly higher than the unburned control treatment in both 2001 and 2007 (Table
2.2). The annual fire treatment caused a significant higher relative change in basal area
than the random fire treatment in both 2001 and 2007 (Table 2.2).
The increase in relative change of basal area by species groups for the annual fire
and random fire treatments was three to four times larger than and significantly different
from that for the unburned control treatment (p < 0.05) (Table 2.2). In 2001, the relative
changes in basal area for the individual species groups ranged from -0.7 to 10.2 percent
under the unburned control treatment, 11.3 to 31.7 percent under the annual fire
treatment, and 12.4 to 32.1 percent under the random fire treatment (Table 2.2). In 2007,
the relative changes in basal area for the individual species groups ranged from -8.6 to
19.6 percent under the unburned control treatment, 16.9 to 49.0 percent under the annual
fire treatment, and 13.8 to 44.0 percent under the random fire treatment (Table 2.2).
The MANOVA model indicated significant fire effects (p<0.05) on the overall
overstory relative changes in stem density in 2001 and 2007. The relative change of
overall stem density in overstory by year 2001 was -0.3, 8.4 and -4.9 percent,
respectively, and -4.3, 11.0, and -0.96 percent, respectively by year 2007 for the
unburned control, annual fire and random fire treatments (Table 2.3). Similar to relative
changes in overall basal area, the annual fire treatment is the most significant fire
16

treatment affecting the stem density, and followed by the random fire treatment (Table
2.3).

Figure 2.4 Overstory tree density and basal area by species groups and fire
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Table 2. 2 Relative change (%) of basal area by the fire treatments
Species group

2001
No burn

Annual burn

2.3c

19.5a

c

25.5

a

11.3

a

2007
Random burn

No burn

Annual burn

Random burn

15.3b

-7.9c

12.6a

-5.5b

17.6

b

11.4

c

12.4

a

b

Overstory
Overall
White oak

5.8

b

36.97

13.8a
24.3b

-0.7

Hickory

5.7c

21.3a

16.9b

12.4c

32.3a

Slf pine

c

a

b

17.7

b

a

45.4

a

-12.6

19.6

b

a

6.1

21.8

4.98

a

-10.7

Other spp

10.2

b

a

Overall

2.4a

Dogwood

31.7

13.4
a

-13.9
32.1

b

a

16.9
34.1
49.0

25.7b

a

Red oak

-8.6

a

23.1b
a

-28.9a
44.0a

Midstory
White oak
Red oak

-2.9
5.3

-12.9b
a

a
a

-2.3

a

-4.7

c

ab

Hickory

12.8

Slf pine

a

-3.3

-18.6

Other spp

13.2a

-9.4b

1.8

a

-15.5b

-0.2a

-41.1b

a

-36.6

b

-42.98b

-78.8

b

-82.5b

-27.5

b

-39.2c

-58.1

a

-65.2a

-27.4b

-27.3b

-6.4

a

-5.8

-2.8

b

a

-4.8

b

-20.4

4.2

14.1
a

a

-23.4

-5.2b

a

11.9a

-49.0b

*The difference is not statistically significant (p = 0.05) for values labeled with the same letter.

Table 2. 3 Relative change (%) of stem density by the fire treatments
Species group
No burn

2001
Annual burn

Random burn
Overstory
-4.9b
8.4b
-2.3a
8.9a
4.4a
22.9a

No burn

2007
Annual burn

Random burn

-4.3b
4.8b
-24.7c
6.0b
10.2a
24.5a

11.0a
18.4a
-13.4a
15.6a
12.5a
35.7a

-0.96b
7.2ab
-18.4b
7.3b
3.3a
28.6a

Overall
White oak
Red oak
Hickory
Slf pine
Other spp

-0.3c
3.9c
-8.2c
3.2b
3.8a
11.9a

8.4a
13.5a
-2.96b
9.8a
12.2a
24.3a

Overall
White oak
Red oak
Hickory
Slf pine
Other spp

4.1a
-4.6a
8.7a
11.7a
9.4a
12.8a

-24.8b
-14.9b
-33.4b
-8.9b
-22.3ab
-25.8b

Midstory
-21.6b
-12.2b
-54.3b
-13.2b
-34.1b
-18.6b

-1.4a
-10.6a
7.0a
24.4a
2.6a
9.4a

-53.1b
-47.6b
-81.9b
-37.6b
-69.9b
-51.8b

-57.4b
-52.9b
-86.5b
-51.2b
-71.7b
-49.7b

Overall
White oak
Red oak
Hickory
Slf pine
Other spp

2.8a
18.4a
3.9a
0.6a
-30.0a
-12.2a

-83.5b
-88.6b
-85.4b
-88.9b
NA
-63.9b

Understory
-74.3b
-85.4b
-78.2b
-77.2b
-98.7b
-80.9b

-3.2a
-0.8a
18.8a
-6.5a
-41.9a
8.9a

-97.0b
-98.9b
-96.5b
-95.3b
NA
-96.2b

-94.1b
-96.4b
-95.5b
-94.1b
-1.0a
-89.6b

*The difference is not statistically significant (p = 0.05) for values labeled with the same letter.
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For the individual tree groups in 2001 and 2007, the MANOVA model indicated
no significant fire effects on the relative changes in stem density for shortleaf (slf) pine
and other species group, and significant fire effects on white oak, red oak, and hickory
(Table 2.3). For white oak, the fire treatment effects followed the overall relative change
in stem density with annual burn as the most significant fire treatment and followed by
random fire treatment. For red oak, the random fire treatment (-2.3 percent) exhibited
significantly higher relative change in the stem density than the annual burn fire
treatment (-2.96 percent) in 2001, but the fire treatment effects were reverse in 2007 with
-18.4 percent for the random fire treatment and -1.34 percent for the annual fire treatment
(Table 2.3). For hickory, the annual fire and random fire treatments showed significantly
higher relative change in stem density than the unburned control treatment, but there were
no significant differences between these two fire treatments in 2001. But in 2007, the
annual fire treatment showed significantly higher relative change in stem density than the
random fire and unburned control treatments, but there were no significant differences
between the random fire and the unburned control treatments (Table 2.3).
For the individual species groups, basal area showed the increasing trend over the
ten years under each treatment except red oak (Figure 2.4 and Table 2.2). The red oak
basal area decreased under the unburned control treatment, but increased under both fire
treatments over the study period (Figure 2.4 and Table 2.2-2.3). The stem density showed
the increasing trend over the ten years under the unburned and annual fire treatments
except red oak, and exhibited the decreasing trend under the random fire treatment
(Figure 2.4 and Table 2.3). The red oak stem density decreased under each treatment
(Figure 2.4 and Table 2.3).
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Midstory Structural and Compositional Change

The midstory tree density and basal area by species groups in 1997 (prior to
burn), 2001, and 2007 (4 and 10 years following the fire treatments, respectively), are
given by Figure 2.5. During the period of from 1997 to 2007, both stem density and basal
area continually decreased for the annual and random fire treatments, while the stem
density and basal area remained stable for the unburned control treatment (Figure 2.5).
The decrease in stem density and basal area occurred in all five species groups.
The MANOVA model indicated significant fire effects (p<0.05) on the relative
change of overall basal area in midstory in both 2001 and 2007. The relative change of
overall basal area in midstory by year 2001 was 2.4, -12.9 and -15.5 percent, respectively,
and -0.2, -41.1, and -49.0 percent, respectively by year 2007 for the unburned control,
annual fire and random fire treatments (Table 2.2). The decreases in basal area for the
annual fire and random fire treatments were significantly higher than the unburned
control treatment in both 2001 and 2007, but there were no significant differences
between these two fire treatments (Table 2.2).
For the individual species groups, the MANOVA model indicated no significant
fire effects on the relative change in midstory basal area for shortleaf (slf) pine and white
oak in 2001, but significant fire effects for red oak, hickory, other species, and white oak
in 2007 (Table 2.2). Except shortleaf pine, the relative changes in the basal area ranged
from -5.8 to 14.1 percent under the unburned control treatment, -78.8 to 1.8 percent under
annual fire treatment, and -82.5 to -2.8 percent under the random fire treatment (Table
2.2).
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The MANOVA model indicated significant fire effects (p<0.05) on the relative
change of overall stem density in midstory in 2001 and 2007. The relative change of
overall stem density in midstory by year 2001 was 4.1, -24.8 and -21.6 percent,
respectively, and -1.4, -53.1, and -57.4 percent, respectively by year 2007 for the
unburned control, annual fire and random fire treatments (Table 2.3). Similar to fire
effects on relative change in overall basal area in midstory, both fire treatments
significantly decreased the relative change in overall stem density in midstory, but there
were no differences in the fire effects between these two fire treatments (Table 2.3).
For the individual species groups, the MANOVA model indicated significant fire
effects on the relative change in midstory stem density for all species groups except the
slf pine in 2001 (Table 2.3). Except shortleaf pine in 2001, both fire treatments
significantly decreased the relative change in stem density in the midstory (Table 2.3).

21

Figure 2.5 Midstory tree density and basal area by species groups and fire treatments
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Understory Structural and Compositional Change

The understory tree density by species groups in 1997 (prior to burn), 2001, and
2007 (4 and 10 years following the fire treatments, respectively), are given by Figure 2.6.
The patterns of stem density change in understory were similar to the midstory, except
for a greater reduction for the annual and random fire treatments. The stem density on the
annually burned site was extremely low. Ten years following the fire treatments stem
density reduced to less than 20 tph for the annual and random fire treatments.
The MANOVA model indicated significant fire effects (p<0.05) on the relative change of
overall stem density in understory for both overall and individual species groups in 2001
and 2007. The relative change of overall stem density in understory by year 2001 was
2.8, -83.5 and -74.3 percent, respectively, and -3.2, -97.0, and -94.1 percent, respectively
by year 2007 for the unburned control, annual fire and random fire treatments (Table
2.3). Similar to fire effects on relative change in overall stem density in midstory, both
fire treatments significantly decreased the relative change in overall stem density in
understory, but there were no differences in the fire effects between these two fire
treatments (Table 2.3). In 2007, the MANOVA model indicated no fire effects on the
relative change in understory stem density of self pine. Except shortleaf pine in 2007,
both fire treatments significantly decreased the relative change in understory stem
density, but there were no differences in the fire effects between these two fire treatments
(Table 2.3).
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Figure 2.6 Understory tree density by species groups and fire treatments
Survival of Major Overstory Oak Trees in Different Size

The diameter distribution of white oak (Figure 2.7) shows that the density of trees
less than 20 cm dbh decreases after ten years among all treatments. In the 20 to 30 cm
dbh class, tree density in the random fire and annual fire treatment increases evidently.
Trees with dbh>30cm was not obviously affected by fire treatments. Changes in density
of large trees were slight and due probably to factors other than fire. The survival analysis
(Figure 2.8) showed that large white oak trees (dbh≥45cm) were not significantly
affected by fire treatment (p = 0.3368). The random fire treatment significantly decreased
the survival probability of small trees (dbh<25cm) (p = 0.0034). The survival probability
of white oak in each dbh class is higher than 90% after ten years regardless of fire
treatments.
Post oak diameter distributions (Figure 2.7) are similar to white oak except for the
random fire treatment. For small diameter trees (dbh<25cm), initial stem density of post
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oak is much less than white oak in most cases. Similar to white oak, larger post oaks
(dbh>45 cm) showed no significant differences in survival probability among the fire
treatments. There were significant survival differences among treatments according to the
log-rank test (Figure 2.8). The annual fire treatment killed fewer small trees (dbh<25cm)
than the random and unburned control treatments. The mortality of middle-sized
(25cm≤dbh<45cm) trees in the unburned control treatment was significantly higher than
the annual and random fire treatments.
Scarlet oak and black oak have similar patterns in diameter distribution (Figure
2.7), and survival probability (Figure 2.8). The density of small trees (dbh<20cm)
decreased over the ten years in all fire treatments. Both the annual and random fire
treatments increased the density of middle-sized trees. The survival probabilities of small
trees of these two species are much lower than white oak and post oak. Scarlet oak
survival probability after ten years of fire treatments was 70%, and black oak survival
probability was approximately 60%. Those are much lower than white oak (> 90%) and
post oak (> 80%). For the small-sized trees of both black and scarlet oak, there were no
significant differences among treatments. For the middle-sized trees, the survival
probability in either fire treatment is higher than in the control treatment. The annual fire
and random fire treatments significantly increased the survival probabilities of these
species (p < 0.0001). Larger trees showed no significant differences among treatments.
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Figure 2.7 Overstory trees dbh (diameter at breast height) distribution by tree species and fire treatments

White oak

Black oak
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Figure 2.8 Survival of overstory trees by fire treatments and dbh class
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Scarlet oak

Black oak

Discussions

More recently, prescribed fire has been chosen to restore the oak forest ecosystem
(Johnson et al., 2002; McShea and Healy, 2002; Hutchinson, et al., 2005). Effect of
prescribed fires on the change of oak proportion in mid- and under-story is relatively
consistent and comparable to other studies (Hutchinson et al., 2005; Breece et al., 2008;
Hessburg et al., 2008). In this study, ten years after the fire treatments, the overall
midstory basal area and stem density have been reduced by more than 40 percent (Tables
2.2 and 2.3). More than 90% of the understory trees have been killed (Table 2.3). As
reported by Hutchinson et al. (2005), the density of small trees (10-25 cm dbh) was
significantly reduced, and sampling density was reduced by 86 percent after 7 years of
fire treatment in southern Ohio. In upland oak-dominated forests in the central
Appalachia region, burning reduced midstory (2-10 cm dbh) basal area by 86% and
midstory stem density by 91% (Blankenship and Arthur, 2006). In our research, it was
also found that there were no significant differences in the understory and midstory basal
area and stem density between the annual fire and random fire treatments.
Responses of overstory oaks to low intensity fires varied significantly among
studies depending on tree and stand characteristics, fire behavior and seasonality and fuel
condition (Arthur et al., 1998, Franklin et al., 2003, Hutchinson et al. 2005). It was
reported that burning treatment reduced the overstory stem density by 30%, but did not
significantly affect the overstory (≥ 10 cm dbh) basal area in upland oak dominated
forests in the central Appalachia region (Blankenship and Arthur, 2006). Some studies
have shown little effect of low intensity fire on the oak overstory basal area and stem
density (Blake and Schuette, 2000; Franklin et al., 2003). Other studies indicated that
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high intensity fire significantly reduced the overstory basal area and stem density
(Regelbrugge and Smith 1994; Moser et al., 1996). In our study, the low intensity fire
treatment significantly increased the basal area and stem density in both 2001 and 2007.
Effects of the fire treatments on overstory lie in that fire increased the dominance of oaks
by increasing white oak group tree growth and reducing red oak group tree’s decline but
had little effect on other species group (Table 2.2 and 2.3). The difference in relative
change of overstory stem density and basal area between the annual fire and random fire
treatments was statistically significant for all species combined in 2001 and 2007 with the
annual fire treatment having larger increases, but the significance varied for different
species groups and inventory years. The increase in overstory stem basal area and stem
density following the fire treatments was attributed from 1) the ingrowth of midstory
stems, 2) reduction of overstory mortality, and 3) growth of overstory trees.
Fire treatments significantly reduced overall and individual species group,
particularly the red oak group stem density and basal area of the mid- and under-story.
Ten-years following the fire treatments, the overall midstory stem density and basal are
reduced approximately 50 and 40 percent, respectively. In the midstory, the red oak
group had the largest decrease in basal area, next is the white oak group followed by the
other three groups, suggesting that fire may have more significant effects on the oaks
than on other species. However, large oaks can survive easily with frequent low-intensity
fire disturbances because of their morphological and physiological characters such as
high water use efficiency, deep tap root, bark thickness, bud richness, and fire resistance
(Johnson, 1994; Huddle and Pallardy, 1996; Johnson, 2002). Bark thickness is related to
fire resistance among species. The bark tissue proportion of Acer rubrum L. trees is the
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lowest ranging from 3.5% to 3.7%. The hickories’ (Carya spp.) is approximately 4%. The
oak (Quercus) species’ is thicker ranging from 4.6% to 6.5% (Huddle and Pallardy,
1996). White oak group species may have lower mortality rates than red oak species
because of its longer life and being more fire-resistant (Lorimer, 1985; Harlow et al.,
1991; Huddle and Pallardy, 1996)
The survival analysis shows that the low intensity fire can not affect overstory
large oak tree (dbh>45cm) mortality. But small- and middle- sized (15cm<dbh<45cm)
oak trees of different species responded differently to fires. The survival probability of
small-sized (15~25cm) white oak trees is lower on the randomly burned sites than on the
control site and the annually burned site. The similar trend holds for the middle-sized
(25~45 cm) white oak trees, but the difference between the treatments is marginal. Both
small- and middle-sized overstory post oak tree survival probability on the burned sites is
higher than that on the unburned site (control). Fire treatments significantly increase
middle-sized (25~45cm) scarlet oak and black oak survival probability, but has no little
effect on the small-sized (15~25cm) tree’s survival probability. There is a close tie
between the increase of oak dominance in the overstory and the fact that fire can improve
the survival probability of small- and middle-sized oak trees.
Even though the life test results for small-sized trees showed statistically
significant differences among treatments for white oak and post oak, the conclusion
cannot be made that treatment effects exist on small size trees, because the variation in
density of small-sized trees was large for these species. For example, density of white oak
(dbh < 15cm) ranged from 20 to 30 trees per hectare (TPH) in the unburned control
treatment, but densities ranged from 30 to 50 TPH in the annual and random fire
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treatments. The density of post oak (dbh < 15 cm) ranged from 20 to 25 TPH in the
unburned control treatment, 30 to 45 TPH in the annual fire treatment, and about 10 TPH
in the random fire treatments. The average density of middle-sized trees (25 to 45 cm
dbh) of all four species was approximately 10 TPH (Figure 2.8). Lorimer (1985) reported
that black oak was more resistant to fire than white oak based on bark thickness. It might
be concluded that fire does have positive effect on the survival of middle-sized black oak,
scarlet oak, and post oak, and to certain extent mitigate mortality due to decline. This
explains why the decrease of stem density and basal area of red oak group species in the
annual and random fire treatments was lower than that with the control treatment.
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CHAPTER III
FIRE IMPACT ON OAK ADVANCED REGENERATION

Introduction

Mature oak-dominated forests are generally believed to have been established
through a variety of disturbance mechanisms. Historically, the Ozark Highlands of
Missouri have been dominated by a forest-woodland-savanna-glade mosaic, a mix of
cover types maintained by frequent natural or human-caused fires. However, seventy
years fire suppression and lack of management practices have resulted in oak-hickory
forest health problems such as oak decline and mortality and failure of oak regeneration
(Abrams, 1992; Lorimer, 1993). Advance regeneration is the young (or extremely
suppressed) trees growing under an existing stand, which may form the initial part of a
new stand once the overstory tree removed (Dunster, 1996). Most oaks are considered
early- to mid-successional species, and many mature oak-dominated forests are being
replaced by more shade-tolerant species (Abrams 1992; Lorimer, 1993; Hartman and
heumann, 2003).
Overall, the forest health problems occurring in the Missouri Ozark Highlands are
believed to be related to long-term fire suppression (Hartman and Heumann, 2003) and
inappropriate forest practices (e.g., high grading and livestock grazing in forests). Studies
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show that fire can improve oak seedling competitive status by reducing competition from
more fire sensitive species, or by creating seedbed conditions conducive to oak
establishment (Hutchinson et al. 2005; Iverson, 2008). Therefore, reintroduction and
application of prescribed fires and sustainable timber management practices to reduce
stand density and restore historical vegetation patterns have caught the attention of
foresters and resource managers.
Currently, the application of prescribed fire is increasing in oak forest
management (Johnson, 1974; Barnes, 1998; Signell et al., 2005; Alexander et al., 2008;
Iverson, 2008). However, our knowledge of long-term fire effects on the oak forest
restoration is very limited (Hutchinson et al., 2005). Fewer modeling studies of forest
responses to fire have been done in the western area of the eastern deciduous forests in
North America (Dey and Hartman, 2005).
In order to understand the effects of different fire regimes on advance
regeneration and to promote the diversity of native species and ecosystem restoration in
the Ozark Highlands, the Chilton Creek Prescribed Burning Project (CCPBP) was
initiated by The Nature Conservancy (TNC) in 1996. The CCPBP study is a randomized
burning design with three prescribed fire treatments: annual burn, low-intensity random
burn, and high-intensity random burn. Using the CCPBP data, Dey and Hartman (2005)
evaluated the short-term fire effects (1998-2001) on the oak forest advance regeneration
and developed species-specific logistic regression models predicting the tree survival
probability based on initial tree size and burning frequency. But the effects of different
fire regimes on tree advance regeneration were not evaluated. Dey and Hartman (2005)
found that the probability of surviving one fire was significantly related to basal diameter
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and height after a short-term fire treatment. It is unknown that whether these two
parameters are still statistically significantly related to tree mortality after a long-term fire
treatment.
In this research, based on CCPBP collected data, the response of tree advance
regeneration after 10 years (1998-2007) of implementing prescribed fires was presented
by combining the classification and regression tree (CART) analysis and logistic
regression analysis. The specific objectives of this research are: 1) identify the key factors
affecting the tree advance regeneration using CART analysis; 2) once the key factors
were identified, develop species-specific probability of mortality models for advance
regeneration using logistic regression.

Materials and Methods

Study Site Description

The Chilton Creek Prescribed Burning Project (CCPBP) was conducted on a
1000-ha site located along the Current River in Shannon and Carter counties, Missouri
(Figure 3.1). The study site is in the Current-Black River Breaks land type association
with narrow ridges and steep sideslopes. Local relief ranged from 300 to 450 ft (90 to 140
m). Valleys are narrow and sinuous. Soils are loess, hillslope sediments or gravelly
alluvium (Meinert et al., 1997). Frequent, low-intensity fires with a mean fire interval of
about four years prevailed in this area prior to extensive European settlement (1700-1820)
(Guyette et al., 2003). Currently, the area is covered by relatively continuous oak-hickory
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Figure 3.1 Location of the CCPBP and MOFEP experimental sites.
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and oak-pine forests which originated following the large-scale timber exploitation from
the 1880s to the 1930s and subsequent fire suppression of about 70 years in the Ozarks.

Experimental Design

The CCPBP includes five prescribed burn units (Chilton North, Chilton South,
Chilton East, Kelly North, Kelly South) of approximately 200 ha each. A total of 250
permanent 0.2-ha plots were established randomly within the five burning units to
monitor woody vegetation and herbaceous species change (Figure 3.2). Specifically,
three prescribed fire regimes -- annual burn (sites were burned each year), random burn
(sites were burned randomly with a mean return interval of 3.6 yrs), and high-intensity
random burn (same as random burn, but with high fire intensity due to south-facing, steep
slope, and higher fuel loads) -- were implemented to monitor the dynamics of the oakhickory forest.
All plots were measured in the fall of 1997 prior to the fire treatments. All units
were burned in the spring of 1998 to initiate the prescribed burn experiment. Kelly North
was burned annually during the dormant season (March or April) and other units were
burned based on a randomly selected schedule with a mean fire return interval of 3.6
years (Table 3.1). To monitor the response of advance regeneration to the prescribed
burning, 26 of the 250 permanent plots were randomly located throughout the five burn
units (Table 3.2). Individual stems of advance regeneration in a plot were sampled from
within a 25.2-m radius of each sampling point. Each stem was permanently marked with
a wire stake and metal numbered tag. Over 3000 stems of various sizes were marked
within the 26 plots. Information of species, stem basal diameter 2.5 cm above the ground,
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total height, diameter at breast height (if existing), status (live or dead), sprout condition
(the number of sprouts and the height of the tallest sprout) were recorded or measured.
Initial stem measurements were conducted in the fall of 1997, prior to the first burn
(Table 3.3). Stems were measured again in 1998, 1999, 2001 and 2007 as the prescribed
burn treatments progressed.

Figure 3.2 Map of Chilton Creek burning units and permanent plots
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Table 3. 1 Schedule of prescribed burns conducted at Chilton Creek
Burn unit

Plot
(n)

Kelly South
Kelly North
Chilton South
Chilton North
Chilton East

43
63
78
44
22

Dormant season fire
1998
X
X
X
X
X

1999
X
X

2000
X
X
X

2001
X
X

2002

2003

X

X
X

X
X

2004
X
X

2005

2006

2007

X

X

X
X
X

X
X

X

Table 3. 2 The number of plots and stems sampled within each burning unit
Burn unit

Plots
(n)

Stems
(n)

Aspect

Kelly South
Kelly North
Chilton South
Chilton North
Chilton East

7
6
7
3
3

363
542
1123
358
355

N & Ridge
S
N
S
S

Slope(%)
Average
Range
15
4-28
20
12-33
22
17-25
32
25-36
22
8-32

Table 3. 3 Stem size of advanced regeneration by species (groups) prior to burn
Species group

Total stem

White oak
Red oak
Hickories
Shortleaf pine
Other species

642
449
730
74
1257

Mean basal diameter (std)
(cm)
3.00 (3.61)
2.64 (3.58)
3.04 (3.17)
4.83 (3.72)
2.60 (2.85)

Mean total height (std)
(m)
2.67 (3.21)
2.36 (3.30)
2.64 (2.79)
3.50 (2.41)
2.33 (2.28)

Data Analysis

Oak forests in the Ozark Highlands are a mixture composed of around 50 tree
species. Considering the spatial heterogeneity and complexity of forest structure and
composition, it is statistically difficult to analyze fire effects on each individual species
due to small sample sizes. Therefore, species were grouped into four functional species
groups based on relative dominance and bio-ecological characteristics: white oak group
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(white oak, post oak, chinkapin oak), red oak group (black oak, scarlet oak, northern red
oak, blackjack oak), hickory group (black hickory, pignut hickory, bitternut hickory,
mokernut hickory), and shortleaf pine. All other species were grouped into a single group
labeled as “other species”. The five burning units were separated into three groups:
annual burn (Kelly North), random burn (Chilton North, Chilton South and Kelly South)
and high-intensity random burn (Chilton East) based on burn frequency and measured
fire parameters. This grouping scheme was intended to improve the power of statistical
analyses (e.g., MANOVA) and facilitate the explanation of fire impacts on advance
regeneration of major species or species groups.
In order to better understand the effects of external factors on advance
regeneration after 10 years of burn treatments, the relationship between mortality of
advance regeneration and a suite of potential contributing factors was examined. These
factors, including fire regimes (treatments), slope, aspect, ecological land type, stem basal
diameter, total height, and species, were analyzed using a nonparametric classification
and regression tree (CART) approach (Fan et al. 2006). The significance of contributing
factors was measured by the relative risk (RR) and its 95% confidence interval. The tree
mortality will be significantly related to the contributing factor if the calculated RR
confidence interval does not include the value of 1, and vice versa. As a nonparametric
modeling approach, one major advantage of CART is that no prior knowledge or
assumptions are required for tree mortality or survival probability (Fan et al., 2006).
CART modeling generally involves two parts: 1) a recursive top-down partitioning; and 2
) a bottom-up pruning. The CART analysis is capable of explicitly defining a statistically
hierarchy of importance among predictor variables, so CART modeling can identify
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group of trees that differ significantly in their mortality probability (Fan et al., 2006). The
detailed information of CART modeling procedure can be found in Fan et al. (2006).
The CART model results indicated that total height and basal diameter are the key
factors affecting the mortality rate of the species groups after a long period (10-year in
this study) of repeated burns. The logistic regression was then employed to develop the
species-specific mortality model for those species with a large sample of advance
reproduction stems (> 100). After testing the different combinations of total height and
basal diameter, it was finally found that a morphological variable, the ratio of total height
to the square of the basal diameter (total height/(basal diameter)2), best predicted the stem
mortality probability across all species selected. The Hosmer-Lemeshow test was used to
evaluate the performance of the logistic regression model. The logistic regression model
was,
p=

1
1+ e

(3-1)

− ( β 0 + β1 *HBR )

Where:
HBR = total height/(basal diameter)2

Results

CART Analysis of Fire Effects on Advance Regeneration

The calculated average mortality by species group is given by Figure 3.3.
Relatively high mortality was witnessed following the first burn (1998) for all species
groups. This was likely related to the higher fuel loading which led to greater fire
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intensity. Stem mortality gradually increased as the subsequent burn treatments continued.
By 2007, stems in the hickory group had the lowest mortality (27.1%), followed by the
white oak group (36.8%), the red oak group (48.6%), other species group (54.1%), and
shortleaf pine (68.9%) (Figure 3.3). The differences in mortality were statistically
significant based on MANOVA (p < 0.05).

80
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shortleaf pine
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60

white oak
hickories
other speices
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20
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0
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Figure 3.3…Temporal change of average mortality by species group

The final CART model diagrammatically illustrated the hierarchical relationships
among the predictor variables (fire regimes, slope, aspect, ecological land type, stem
basal diameter, total height, and species) in an order of importance from top to bottom
(Figure 3.4). The significance of contributing factors was measured by the relative risk
(RR) and its 95% confidence interval (in parenthesis) (Figure 3.4). The tree mortality will
be significantly related to the contributing factor if the calculated RR confidence interval
does not include the value of 1, and vice versa. The CART analysis indicated that by
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2001 variations in stem mortality were associated with the burn schedules. The Chilton
North and Chilton East burning units exhibited the lowest stem mortality (9.5%) and the
Kelly South burning unit showed higher mortality (40.8%), while the Kelly North and
Chilton South burning units were intermediate (25.5%) (Figure 3.4). However, the effect
of the burn schedules on stem mortality was marginal, because the calculated relative risk
interval included the value of 1 (Figure 3.4).
By 2007, the red oak, shortleaf pine, and other species groups had a mortality rate
of 53.3% that was significantly higher than those in the white oak and hickories groups
(mortality rate of 31.6%) (Figure 3.4). The CART analysis identified threshold values for
significant continuous\subordinate variables. For example, read oak, shortleaf pine, and
other species with total height <0.17 m had a mortality rate of 73.6%, which was
significantly higher than those with total height >0.17 m (49.4%) (Figure 3.4). White oak
and hickories with basal diameter <0.2 cm had mortality rates of 74.6% that was
significantly higher than those for trees with larger basal diameters (29.4%) (Figure 3.4).
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Figure 3.4…Stem mortality (%) of advanced regeneration by contributing factors in 2001
(upper) and 2007 (bottom)

Logistic Regression Models of SpeciesSpecific Mortality

The CART analysis indicated that total height and basal diameter are the most
important contributing factors for tree mortality after long-term repeated burns. Hence,
total height and basal diameter were used to develop the species-specific mortality
models using logistic regression analysis. A lot of combinations of total height and basal
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diameter have been tried to develop the species-specific model. It was found that the
morphologic variable of total height divided by the square of basal diameter was the best
one for predicting the mortality rates for all the species using logistic regressions analysis.
The simple logistic regression models developed for selected species (with >100
stems) using the morphological variable well depicted the impact of initial stem size of
advance regeneration on mortality (Table 3.4 and Figure 3.5). The Hosmer-Lemeshow
test statistic indicated that 12 out of 14 models were fit well (i.e., p > 0.05) (Table 3.4).
Interestingly, with major associated species like hickories (pignut hickory, black hickory,
mockernut hickory), blackgum, sassafras and winged elm, the estimated coefficients for
the morphological ratio were not statistically significant, indicating stem mortality was
less affected by the ratio. However, for the oaks, shortleaf pine, flowering dogwood, and
the minor species as a whole, the ratio was a significant determinant of stem mortality
(Table 3.4). For these species, the ratio consistently performed better than basal diameter,
total height and\or their combinations.
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Table 3. 4 Estimated parameters for logistic regression of stem mortality in 2007
Number of
dead/live stems

Intercept

Total height
(Basal diameter)2

210/317

0.792 (0.161)

0.320 (0.111) *

Hosmer and
Lemeshow
Goodness-of –
fit (p>chi-sq
0.071

Shortleaf pine

50/73

-0.041 (0.368)

2.699 (1.216) *

0.333

Pignut hickory

105/302

-0.760 (0.148)

0.153 (0.097)

0.184

Black hickory

36/130

-1.008 (0.268)

0.056 (0.207)

0.239

Mockernut hickory

56/295

-1.758 (0.237)

0.411 (0.235)

0.079

Black gum

146/244

0.367 (0.156)

0.042 (0.085)

0.201

White oak

127/345

-0.725 (0.143)

0.135 (0.063) *

0.044

Scarlet oak

88/163

-0.153 (0.217)

0.162 (0.081) *

0.434

Chinkapin oak

40/106

-1.175 (0.316)

0.348 (0.127) *

0.133

Post oak

69/191

-1.083 (0.210)

0.350 (0.095) *

0.148

Black oak

99/225

-0.888 (0.212)

0.462 (0.118) *

0.003

Sassafras

82/289

-1.012 (0.163)

0.048 (0.054)

0.640

Winged elm

19/85

-1.305 (0.309)

0.044 (0.120)

0.807

Species
Flowing dogwood

Other species
194/326
0.146 (0.140)
0.106 (0.040) *
0.768
Note: * indicating the estimated coefficients for the morphological variable were statistically significant
at α=0.05. The values in the parenthesis are the calculated standard errors.
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Figure 3.5 Relationship between stem mortality and the morphologic variable by species
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Discussions

As indicated by CART analysis, after short-term fire treatment (1998-2001), no
other factors besides burn treatment were found to be associated with stem mortality
(Figure 3.4). By 2007, the effect of the burn treatments on stem mortality became less
significant, compared to species, basal diameter and total height (Figure 3.4). Size and
vigor will determine the success of advance regeneration growing into the dominant
crown positions (Dillaway et. al., 2007; Sander, 1972). With repeated burns over a
relatively long period (10 years or more), basal diameter and total height became the
more important determinants of stem mortality, which means the initial size of advance
regeneration will affect future stand structure and composition after the overstory trees
are removed (McNab and Loftis, 2002). Considering the fact that annual burn will cause
greater damages to soils, the random burn might be a better forest management choice
than the annual burn since fire regime has become a minor factor affecting the stem
mortality after 10 years’ fire treatment.
CART modeling analysis also revealed that species groups responded
significantly different in mortality rates after fire treatments over a relatively long period
(Figure 3.4). White oak and hickories groups had significantly lower mortality rates than
those in the red oak, shortleaf pine, and other species groups (Figure 3.4). Ten years
following the initiation of burn treatments, about 27% of hickories had been killed due to
repeated burns compared to the 37%, 49% and 54% of white oaks, red oaks and other
associated species, respectively. Nearly 70% of shortleaf pines were killed (Figure 3.3).
This reflects species differentiation in response to fires as shown in Figure 3.3 and
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reported by other studies (Alexander et al., 2008). The mortality trend suggests that fire
favors hickory and oak advance regeneration more than the other associated species and
shortleaf pine. Literature findings (Johnson, 1994; Huddle and Pillardy, 1996; Johnson,
2002) indicated that hickories and oaks can survive easily with frequent low-intensity fire
disturbances because of their morphological and physiological characters such as high
water use efficiency, deep tap root, bark thickness, bud richness, and fire resistance.
Hickories and oaks have relatively thicker bark thickness (Huddle and Pillardy, 1996).
Among the oaks, the white oaks were impacted less by fires than the red oaks (Figure 3.3
and Figure 3.4), which might be due to the fact that white oak group species have longer
life and being more fire-resistant (Lorimer, 1985; Harlow et al., 1991; Huddle and
Pallardy, 1996). In our studies, except for shortleaf pine, all other species groups had
similar size distributions of advance regeneration. Shortleaf pine stems were on average
relatively taller and thicker than the other species groups (Table 3.3). However,
hardwood species seedlings still survived more easily than shortleaf pine with larger
initial growth condition (Figure 3.3) (Stambaugh et al., 2007).
Dey and Hartman (2005) used a logistic regression approach to model oaks and
competition species survival probability in Missouri Ozark Highland. Results showed
that regardless of species the survival probability after a dormant season fire was
significantly related to initial basal diameter and height. In our studies after 10 years of
fire treatment in Missouri Ozark Highland, the logistic regression analysis results
indicated that tree mortality rate was not significantly related to either basal diameter or
total height, or the simple combination of these two parameters. A new morphological
variable, ratio of the total height to the square of basal diameter, was found to be
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statistically significantly related to the tree mortality rate for most of the species (Table
3.4).
By logistic regression analysis, the tree stem diameter was found to be positively
correlated to the tree survival rates after fire treatments because it was directly related to
bark thickness and tree height, which indicate a tree’s ability to resist heat injury (Dey
and Hartman, 2005). The morphologic variable is a synthesized parameter by combining
the total height and basal diameter. In order to have an intuitive understanding of this
parameter, the correlations between basal diameter and morphologic variable were
explored using the data of this study. It was found that there is a significant exponential
correlation between basal diameter and morphological variable regardless of species
(Figure 3.6). There is a threshold value of basal diameter depicting the different
decreasing rate of morphologic variable with the increase of basal diameter. When the
value of basal diameter is smaller than 1 inch, the morphological variable will decrease
dramatically with the increase in basal diameter. Once the value of basal diameter is
greater than 1, the morphological variable will decrease at a much slower rate and
approximate to zero with the increase of basal diameter (Figure 3.6). Large value of
morphologic variable means trees with smaller basal diameter, and near-zero value of
morphologic variable indicates a tree with basal diameter larger than 5 or 6 inches.
The developed logistic regression models for selected species using the
morphological variable well simulated the impact of initial stem size of advance
regeneration on mortality for most of the species (Table 3.4 and Figure 3.5). Thus, the
resultant logistic regression models could be a potential tool to compare and quantify
species response to fires at a comparable basis. The species included in Table 3.4 were
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tentatively classified into four groups based on the logistic model (i.e., the relative size of
the slopes and intercepts in Figure 3.5): 1) species with low intercept and slope mainly
including hickories, sassafras and winged elm; 2) species with low intercept but high
slope including various oaks; 3) species with high intercept and slope like shortleaf pine;
and 4) species with high intercept but low slope such as flowing dogwood, blackgum and
other minor species as a whole. These groups may represent different strategies for a
species to adapt itself to the repeated fires such as stump sprouts or its vulnerability to
fire (Dey and Jensen, 2002). As shown in Figure 3.5, the intercepts are the mortality rates
of trees with relatively large diameter when the morphologic variable approximates to
zero, and the slopes reflect the sensitivity of the tree species to fire. Hence, the species
with low slope and intercept, such as hickories, are more resistant to fire treatment,
whereas the species with high slope and intercept, such as shortleaf pine, are most
vulnerable to fires (Figure 3.5). For most oaks, they have low intercept and relatively
high slope indicating that oaks with larger basal diameter have lower mortality rates but
oak advance regeneration is moderately sensitive to fire treatments. Oaks have a resistant
strategy to fire by developing its underground root system and stump sprouts (Dey and
Jensen, 2002). Flowering dogwood, blackgum, and other minor species have high
intercepts but low slope indicating that these species have higher mortality rate even for
the trees having relatively larger diameters. Hickories and oaks of advance regeneration
were favored more compared to other species, indicating hickories and oaks would
prevail under the forest canopy.
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CHAPTER IV
CONCLUSIONS

The objective of this research is to understand the fire effects on the structural and
compositional change, and advance regeneration of upland oak forests.
The MANOVA analysis results indicated that, ten years after the fire treatments,
the overall midstory basal area and stem density have been reduced by more than 40
percent, and more than 90% of the understory trees have been killed. There were no
significant differences in the understory and midstory basal area and stem density
between annual fire and random fire treatments. But the low intensity fire treatment
significantly increased the overstory basal area and stem density. Effects of the fire
treatments on overstory lie in that fire increased the dominance of oaks by increasing
white oak group tree growth and reducing red oak group tree’s decline but had little
effect on other species group . The increase in overstory stem basal area and density
following the fire treatments was attributed to: 1) the ingrowth of midstory stems; 2)
reduction of overstory mortality; and 3) growth of overstory trees. The difference in
relative change of overstory stem density and basal area between the annual fire and
random fire treatments was statistically significant for all species combined in 2001 and
2007 with the annual fire treatment having larger increases, but the significance varied
for different species groups and inventory years.
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The survival model revealed the fire impact on four single oak species at single
tree level. Results showed that fire effects on overstory tree survival differentiated among
size classes. For all these 4 species, the low intensity fire cannot affect overstory large
oak tree (dbh>45cm) mortality, but can statistically significantly affect the survival rate
of either middle-sized overstory (25cm≤dbh<45cm) or small-sized overstory (dbh<20cm),
or both classes. In this study, the survival model only described four oak species survival
probability based on fire treatments and crown classes. In the future, other factors such as
ecological land type, dbh and basal area in larger trees can be combined together to
construct a more accurate survival model.
For the advance regeneration of the upland oak forest, the effect of fire treatments
has become less and less significant over the time based on CART analysis. After 10
years’ fire treatment, basal diameter and total height are the two most important
contributing factors for the species-specific stem mortality. Hence, the random fire might
be a better forest management practice than the annual burn, which can cause greater
damage to the soils. A new morphological variable, ratio of the total height to the square
of basal diameter, was found to be statistically significantly related to the tree mortality
rate for most of the species. The developed logistic regression models for selected species
using the morphological variable well simulated the impact of initial stem size of advance
regeneration on mortality. The resultant logistic regression models could be a potential
tool to compare and quantify species response to fires at a comparable basis. The logistic
regression analysis indicated that advance regeneration of oaks and hickories was favored
more compared to other species because the developed logistic models for these species
have higher values of intercepts.
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